EFFECT OF LUNG-VOLUME CORRECTION ON TOTAL BODY VOLUME ASSESSMENT USING DUAL DIGITAL PHOTOGRAPH ANTHROPOMETRY. Richard P. Mikat. JEPonline. 2002;5(3):28-31. Dual digital-photograph anthropometry (DDPA) is a new development of potential value in the assessment of human total body volume (TBV), body composition and circumference measurements. Initial research with this method used lung-volume assessments [functional residual capacity (FRC)] when creating regression formulas for the prediction of TBV. The purpose of this investigation was to assess the benefit of FRC measurement inclusion in TBV regression formulas. Healthy female adults (n=18) (age 22 to 51) were evaluated for TBV by DDPA and hydrodensitometry from a single tester. FRC was measured using an oxygen dilution method. Correlation coefficients between criterion and predicted TBV values (0.99 for DDPA with and without FRC correction) were not significantly different (z=0.00, p=0.50). These results support the exclusion of lung-volume assessments from the DDPA protocol. This will substantially reduce the cost and time of testing while making the evaluations more comfortable and convenient for subjects.
INTRODUCTION
Total body volume (TBV) is routinely used for anthropometric assessment, exposure studies, and evaluation of performance relative to body size/shape. Most commonly, TBV is used in conjunction with body mass for the assessment of body composition. Knowledge of body composition is meaningful in the evaluation of human performance, health and physical fitness (1) . Further, persons with an excess in body fat have an increased risk for diseases such as coronary artery disease (2) , cancer (4, 5) , hypertension (4, 5) , depression (6) , and type II diabetes mellitus (3, 5) .
Hydrodensitometry, or underwater weighing, is the gold standard for assessing TBV (7, 8) . This technique can be complex, time consuming, and expensive (9, 10, 11) . Additionally, many participants find this method of assessment difficult to tolerate and uncomfortable (12, 13) . For this reason, Dual Digital Photograph Anthropometry (DDPA) was developed. DDPA uses digital photographs and computer software to estimate body size and shape. It has been shown in previous studies to be both reliable and valid (14, 15) .
Past studies using DDPA have included measurements of functional residual capacity (FRC). FRC measurements were performed because it was assumed that lung volume correction would improve TBV measurements from DDPA. This assumption, however, was never tested. It was, therefore, the goal of this study to test the hypothesis that lung volume correction significantly improves the ability to predict TBV using DDPA.
METHODS

Subjects
A non-random sample of 18 adult Anglo-American women with a mean age of 37±10.1 years, a mean height of 165±8 cm, and a mean weight of 74.25±13.5 kg volunteered as participants in this study. No participant had obstructive or restrictive lung disease or gross anatomical abnormalities. All participants were instructed regarding personal preparation, test procedures, benefits, and risks prior to data collection. Further, each participant signed a written consent form that had been approved by the institutional review board of the sponsoring university. Further, this study followed the Code of Ethics of the World Medical Association (Helsinki Declaration). Procedures Participants arrived at the university Human Performance Research Laboratory after having fasted for a minimum of 6 hours. Each participant relieved her bladder and bowel before being tested. All participants wore form-fitting swimsuits while being tested. Dry body mass (kg) and height (cm) were assessed first using a standard physician's scale.
Residual lung volume (RV) and FRC were assessed prior to DDPA analysis by oxygen dilution (16) . The average of two successive measurements of RV and FRC were used as recommended for research and clinical evaluation (16) . A constant correction factor of 100 ml was used as the residual gas volume of the GI tract (17) .
DDPA was assessed next with a Macintosh PowerBook™ 5300cs personal computer and a Connectix QuickCam™. All participant photographs were taken in a standardized body position (Figure 1 ).
After DDPA, participants were hydrostatically weighed with an analog cadaver scale (Chatillon, New York, NY). Each underwater weight was measured to the nearest gram and with the participant at full expiration. Once the participant's hydrostatic weight was known, density and TBV were calculated. Body density was calculated as follows:
Db = Ma/[((Ma -(Mw-Tare)) / Dw) -(RV + GI)], where Db is density of the body, Ma is the participant's dry body mass in grams,
Mw is the participant's underwater weight in grams, Tare is the tare weight of the underwater platform in grams, Dw is the density of water, RV is the participant's residual lung volume in milliliters, and GI is the milliliters of trapped gas in the participant's gastrointestinal tract (19). The formula used to calculate TBV was TBV = (Ma / Db) (7) . Statistical Analyses A correlation matrix was used to examine the relationship between TBV from DDPA (with and without lung volume correction) and TBV from hydrodensitometry. All analyses were performed with SPSS 10.0. Differences in correlation coefficients were examined by z-scores (18) . Alpha was set a 0.05. 
RESULTS
Strong correlations existed between TBV from hydrodensitometry and DDPA with lung volume correction (r=0.99) and without lung volume correction (r=0.99) (see Table 1 ). No significant difference was found between these coefficients when z-scores were examined (z=0.00, p=0.50). 
DISCUSSION
The results of the present study were similar to those found in other examinations of the DDPA protocol (14, 15) . When laboratory conditions are well controlled and subjects adhere to the required protocol, DDPA closely predicts variables such as TBV. Lung volume correction had been used in all previous studies with DDPA. The results of this study demonstrate that lung-volume correction does not significantly improve the validity of DDPA for the prediction of TBV.
CONCLUSION
Lung-volume measurements (such as RV and FRC) are time-consuming, difficult to perform and tolerate, and expensive. The results of this investigation suggest that TBV can be accurately predicted by DDPA without lung-volume correction. Recommendations for future studies include the comparison of body composition by criterion and DDPA methods without FRC correction, and the examination of other populations. It is further recommended that future studies with DDPA use DEXA as a criterion method for body composition analysis.
